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INTRODUCTION

The primary objective of salmon management 15 to provide for sustained harvest by regulating
annual harvest in such a way as to ensure adequate spawning escapement (Burkey et al. 1999),
Successful management requires accurate and timely knowledge about migratory timing, run
strength, and escapement levels. These information needs are obtained for Kuskokwim River salmon
management by a variety of informanon sources, one of which is the Bethel test fishery. Test fishery
results are used by managers to assess run timing and as a relative index of salmon abundance at the
Bethel test-fish site. The test fishery should not be used as an index of escapement or total run
abundance because of the unknown and variable implications of harvest that occurs both upstream
and downstream of the test fishery The test fishery does serve as a reasonable index of commercial
harvest upstream of the test-fish site, but it is not a good predictor of harvest downstream of the test-
fish site.

As an index of abundance, comparison of test-fish catch or catch per unit of effort (CPUE) data
between years is affected by many factors, such as water level and clarity, weather, river channel and
hydrology, fish size relative to gillnet mesh size, net saturation effects, and crew technique, among
others. Therefore. caution should be exercised when attempting to interpret these data. This report
provides a data summary for the Bethel test fishery, 1984-2002, as is made available and used dunug
the fishing season. This includes river stage, water clarity, and water temperature information as well
as CPUE data by day for chincok Oncorhynchus tshawytscha, sockeye O. nerka, chum O. ketz and
coho O. kisutch salmon. A more in-depth analysis and reporting of data from the Bethel test fishery
can be found, most recently, in Molyneaux ( 1994).

Fishery Description

Stocks of chinook, sockeye, chum and coho salmon returning to the Kuskokwim River are subjected
to penodic commercial and subsistence fishing when in the nver basin. Commercial fishing is
directed pnimarily ar chum and coho salmon, while chinook salmon are often the principal tarzet of
subsistence fishers. Because of management concems, chinook salmon have not been subjected to a
directed commercial fishery since 1987, however, substantial numbers of this species are caught
incidentally during the commercial chum salmon fishery (Burkey et al. 1999). Sockeye salmon are
generally less abundant in the Kuskokwim River than chum and coho salmon and commercial
catches of sockeye salmon are considered incidental. Harvests of pink salmon O, gorbuscha are
neghgible in part because of the willnet mesh sizes typically used by commercial and subsistence
fishers are large enough to avoid capture.



Commercial Fishery

Commercial salmon harvests in the Kuskokwim River occur in two distnicts (bigure 1), Distnet |,
the lower Kuskokwim, is 220 km (137 mi.) in length and extends from the mouth of the river to
Bogus Creck. District 1 is divided into four subdstricts, or statistical areas, (335-11, 335-12, 335-13
and 335-14) which partition the district into segments of approximately equal length (Figure 2).°
District 2, the middle Kuskokwim, is 113 km (60 mi.) in length and extends from High Bluffs o
Chuathbaluk, District 2 consists of only one statistical area (335-20). Districts | and 2 are separated
by a section of river approximately 80 km {50 mi.) in length, which is closed to commercial fishing.
All waters upstream of District 2 are also closed to commercial fishing.

Drift gillnets are the principal commercial gear type used in the Kuskokwim River, but set gillnets
are also legal. The mesh size used mn the fishery is restricted to 6 inch (152 em) or smaller. This
mesh restriction has been imposed since 1985 m an attempt to improve then-declining chinook
salmon escapements (Burkey et al. 1999), Most common mesh sizes used mnge from 5 Yito 6
inches.(or you say: Mesh sizes ranging from 5 Vi to 6 inches are most commonly used,)

Kuskokwim Arca commercial fishermen can fish in any distnct in the area. but most effort is
concentrated in Distnet |, especiolly statistical arca 335-12, which is immediately downstream of the
Bethel test fishing site. Commercial catch data from the two upriver statistical areas (335-13 and
335-14) are generally thought to underestimate the actual catch from these locations because fish
caught in these statistical areas are often delivered to buying stations in Bethel (statistical area 335-
12) where they may be subject to the incorrect assumption of being caught in statistical area 335-12
by persons completing fish tickets.

Dnstrict | has supported as many as 679 units of gear during a single commercial fishing peniod
(Burkey et al. 1999). This amount of gear probably results in a saturated fishing distnct. This
conclusion is supported by observations that most of the harvest occurs within the first 3 10 4 hours
of the normal 6 or B-hour opening (Huttunen |988), Commercial fishing periods also typically result
in depressed test fishing catches for | to 2 days following each opening. In more recent vears,
however, effort has been declining because of lower run abundance and reduced profitability (Buklis
1999 and Burkey et al. 2002). This change in the nature of the commercial fishery needs to be
factored into interpretation of the Bethel test-fish index.

' Before 1990 District | was divided into only three statistical areas (335-11, 335-12 and 3135-13)  In 1990 the
statistical aren farthest downstream (3331 1) was divided in half. The numbering of all four statistical arcas was then
reorclered 1o 335-1 1 and 335-12 (formerty 335-11), 333-13 (formerly 335-12) and 335- 14 (formerty 335-13)



Subsistence Fishery

Alaska state law mandates that subsistence uses have priority over other uses of the fisheries
resources (AS 16.05.258). In the Kuskokwim Area subsistence is a prominent and vital element to
the local way of life. The subsistence salmon fishery is especially important along the Kuskokwim
River, a pomnt supported by the fact that the number of chinook taken from the river for subsistence
purposes is oflen greater than the number taken commercially (Burkey et al. 2002). This pattern was
even true before 1987 when there was a commercial fishery directed at chinook sabmon harvest.

The types of gear used by subsistence fishers are generally similar to the gear used for commercial
fishing. However, set gillnets are more prevalent in the subsistence fishery, and mesh size is not
restricted. In June many subsistence fishers use mesh sizes of 8.0 1o 8.5 inch (20 to 22 cm) to target
chinook salmon (Francisco et al. 1993).

Subsistence lishing occurs throughout the Kuskokwim River, including many of the major spawming
tributaries, but over haif of all reported subsistence harvest occurs in that portion of Distnet | located
downstream of the Bethel test fishery (Burkey et al. 1999). By regulation, subsistence fishing in
Distnct 1, and between Distncts | and 2, is closed 16 hours before, dunng, and 6 hours after each
Distnct | commercial fishing period. Kuskokuak Slough is an exception to the regulanon in that
subsistence fishing in the slough may begin as soon as the commercial fishing period is over; 1., no
6-hour delay. The slough 1s also closed to commercial fishing. In District 2 the subsistence fishery is
closed 16 hours before, during, and 6 hours after cach Distnct 2 commercial fishing penod
Upstream of District 2, subsistence fishing is typically open 7 days a week with no regularly
scheduled closures.

Project Background

From 1966 through 1983 the Alaska Department of Fish and Game (ADF&G) conducted a set
gillnet test fishery in the lower reach of the Kuskokwim River near an abandoned fish camp called
Kwegooyuk (Huttunen 1984). At that sitc the river ranged from approximately S to 7 km in width
and had a major channel along both the cast and west shores. Soft sandy shoals mostly llooded at
high tide separaled the channels. Relief along the shore is so minimal that at high tide the honzon is
formed by the sky and water much like occurs when looking out at the open ocean. In this expansive
body of water, the Kwegooyuk test fishing gillnets, 49 m in length, were set from the cast shore just
upstream of the lower boundary of District | and fished 24 hours a day.

The goals of the Kwegooyuk test fishery were to estimate run timing and index abundance of
chinook, sockeye, and chum salmon, much like the present day Bethel test fishery. The Kwegooyuk
project is thought to have adequately estimated run timing, but it was not able 1o satisfactonly index
run abundance. This problem was attmbuted to fluctuations in the preferred migratory route of
salmon as nfluenced inscason by changes in weather pattems, and between scasons by alterations in
the cross-sectional profile of the channel (Huttunen 1984). Indeed. according to local restdents,



changes in the channel profile are so profound that every few years commercial barge traffic must
switch between the west and east channels as one channel becomes shallower and the other deepens.
The remoteness of the test fishing location also made the sale of the daily test hishing catches
difficult or impossible, a problem that often resulted in unavoidable wastage that was not acceptable
to ADF&G, local residents, or the mdustry.

Efforts to redesign the test fishing program to improve abundance indexing and provide for proper
disposition of the catch began in July of 1983, The focus was on the nse of dnft gillnets in a
narrower rver channel near Bethel (Huttunen 1984). The objectives of the 1983 drift gillnet test
fishery were to assess feasibility related to collecting run timing and abundance information for coho
salmon. The new site was in the main stem Kuskokwim River about 5 km (3.5 mi.) upstream from
Bethel, just above the boundary line separating current statistical areas 335-12 and 335-13. The nver
was approximately | km wide at the new location and had a single major channel that allowed dnft
aillnets to collect accurate CPUE data at selected stations across the entire channel width. Four small
channels circumvent the site (Straight, Steamboat, Church, and Napaskiak Sloughs), but their
influence on the test fishery was assumed to be neghgible. The new test-fish location was also
convenient to outlets for the mely distribution and sale of daily catches. The conclusion from the
feasibility study was that the dnft gillnet test fishery at Bethel was viable and offered a more rehiable
means of monitoring salmon run timing and abundance than the Kwegooyuk test fishery. The
Kwegooyuk set gillnet program was then discontinued after 1983 and replaced with a multiple-mesh
drift gillnet project referred to as the Bethel test fishery (Huttunen |885).

Relocation of the test fishery to a pomt upniver of most commercial and subsistence harvest meant
that instead of indexing total run abundance, as was the objective of the Kwegooyuk test fishery, the
Bethel test fishery indexes abundance of salmon at a point mid way in the fishing district. This
distinction 15 important because the down river commercial and subsistence harvests are not
accounted for in the Bethel test fishing index. Morcover, the exploitation rate of the commercial
fishery is probably inconsistent because of changes in gear efficiency, changes in regulations
designed to alter harvest efficiency, varability in fishing pattern (length of openings and frequency
of openings), changes in water level, variability in the synchrony of openings with the entry pattern
of salmon, the occurrence of fisher strikes, etc. Many of these same variables confound the inter-
annual comparability of historic test-fish data, by reducing the ability of the project to accurately and
consistently index total run abundance and to clearly index escapement. Instead, the Bethel test
fishing data is more appropnate used as an index of salmon passage at Bethel, Taken within the
context of these limitations, the Bethel test fishery provides timely and useful insights of benefit to
salmon management.



METHODS

Flield Operations

Methods and location used in the Bethel test fishery have had only minor modifications over the
years since 1984. Following each high tide a senes of gillnet drifts are conducted in the Kuskokwim
Ruver about 5 km (3.5 my.) upstream from Bethel. Dnfts are performed by a two-person crew, or in
some years, by one of two alternating two-person crews, using a 6,1 m (20 ft) skiff and 50 fathom
(90 m) gillnets. On occasion, a third person may accompany the crew particularly if weather or fish
abundance make conditions especially challenging. Each series of drifts begin about | hour after the
published high slack tide for Bethel, which ensures that all dnfts are conducted in water flowing
downstream, The onset of dnfting may begin later if weather conditions cause a delay in the ebbing
of the tide. Nets are deployed ncur where the upstreami end of Straight Slough diverges from the
main channel, and each drift is conducted at one of thiee stanons distnbuted across the width of the
channel {Figure 3). The duration of each dnift 15 approximately 20 minutes and the mean fishing time
i5 calculated as half the ime it takes to both deploy and refmieve the net, plus the time the net is fully
deployed. River distance traversed by each dnft varies depending on water and channel conditions
but the distance is generally less than 3 km (2 m1.). To avoid impacting commercial fishers, the test
fishery is not conducted when commercial fishing 1s in progress in statistical area 335-13,

The river channel is typically on the order of 12 m (36 ft) deep and 320 m (1,050 f) wide as
measurcd near the down-river end of the test fishing site (Figure 4). Gillnets used n the test fishery
generally sample the upper half of the water column; however, at station 1 the inshore end of the net
drags along a section of sand bar. At station [[I the inshore end of the net i1s deployed approximately
8 m (24 ft) ottshore to avoid snags along the channel edge. As the station [l dnft progresses, it
typically moves towards the center of the channel and may overlap with station II.

Test fishing begins in early June and continues through late August. Two different mesh sizes are
used through mid-July; the first two drifts of each tide are conducted with B-inch (20.3 cm) stretched
mesh gillnets, and the following two drifts are performed with 5-3/8-inch (13.6 cm) mesh. Larger
mesh 15 more effective with larger chinook salmon, whereas smaller mesh 1s more effective on
smaller chinook and other salmon species. For each tidal drift series, one of six unique permutations
from a repeating fishing schedule is used to determine which mesh size will be fished at each station
(Molyneaux 1994). The result 1s no station is fished with the same mesh size twice dunng a single
tide. However, this desipn dictates one station is fished twice each tide; first with B-inch gear then
with 5-3/8-inch gear. The two remaining stations are each fished only once, one station with the 8-
inch gear and the other station with the 5-3/8-inch mesh. The station fished twice and the station
missed by a given mesh size vanes with the fishing schedule. This design is the result of time and
fiscal constraints, but is consistent across the years.

The 8-inch and 5-3/- inch mesh gillnets are 50 fathoms in length and about 6 and 5 m deep,
respectively. The webbing is manufactured by Nugura Net Company” and hung at a 2. | ratio. The 8-

' Useofn company’s name does not constinute endorcnent,



inch mesh webbing is made of 225d #24 twine and is 35 meshes deep by 105 fathoms long; the color
code is NGSO (light green). The 5-3/8-inch webbing is made of 225d #18 twine and is 45 meshes
deep by 105 fathoms long;: the color code is NG43 (light green).

By mid-July of cach year the chinook salmon migration in the lower Kuskokwim River 1s essentially
over, so use of the larger 8-inch mesh net is discontinued for the remainder of the season. Until 1990
four drifts continued to be conducted at the three stations after mid-July even though only the 5-3/8-
inch mesh gilinet was in use. The random fishing schedule was used to determine the drift sequence
and the station that received the duplicate dnift. Results of the duplicated dnfis were averaged.
However, Molyneaux (1991) found the duplicated fourth drift was unnecessary and therefore was
discontinued beginning in 1990, The fishing schedule was adjusted accordingly.

The catch for each drift is tallied by species and by station. Weather conditions, water temperature
and water clarity data are also recorded during the first drift of cach tide. At the end of each series of
drifts the catch is sold to a local processor or on occasion donated to charities or individuals desiring
the fish for subsistence purposes. The data are recorded in the office log and entered into @ computer
program for analysis.

Test Fishing Index

Actual salmon catch for each dnft is converted to CPUE to enhance the comparability of catch
results. This is accomplished by converting differences in net length and mean fishing nme of each
drift to the number of fish caught by 180 m (100 fathoms) of net fished for 60 minutes. This standard
net length and fishing time is used in many gillnet test lisheries conducted by ADF&G (Meacham
1978, Waltemeyer 1983). Each dnft CPUE (/) is computed as:

I = (100fathoms) (60minutes) C (LT}, (1)

where ( is the catch of each species in numbers of fish, L is the length of net used in fathoms, and T
is the mean fishing tme in minutes.

For each tde the dnft CPUE’s are averaged over all stations to calculate a mean tidal CPUE index
(/) for cach species:

fp = n (Z’I.f)}
i
(2)
where /;; is the drift CPUE index from dnft ; on tide 1. and n is the number of applicabie drifts, For

chinook salmon the mean is calculated using the drifi CPUE’s from both 8 inch and 5-3/8 inch nets
with each drift and mesh size weighted equally (¢ 4). In contrast, only catches in the 5-3/8 inch



mesh nets are used to calculate mean tidal CPUE’s for sockeye, chum and coho salmon (n = 2
through mid-July and # = 3 after mid-July),

[f a nde was not fished by the test fishing crew then an estimated mean tidal CPUE is calculated
using one of two methods. First, if the tide was missed because of a commercial fishing period, the
mean tidal CPUE for the missed tide 1s assumed to be equal to the CPUE of the next tide fished.
Second, if the missed tide was not affected by commercial openings, the estimate is assumed to be
an average of the preceding and following mean tidal CPUE's. In either situation, if test-fish indices
demonstrate strong differences in abundance between low high tide and high high tide, then tides not
fished may be estimated with indexes from tides of corresponding magnitude; e.g., if a high high tide
15 missed, it will be estimated with data from other high high tides.

Actual and estimated mean tidal CPUE’s are summed by species throughout the season to generate a
cumulative CPUE index (/) for the season:

t= 2 N (&}

f=f

where # 15 the total number of tides that were fished or for which CPUE was estimated throughout
the season.

RESULTS

The purpose of this report is to provide. in a readily retrievable report format, a data summary for the
Bethel test fishery, 1984-1999. A more in-depth analysis and reporting of data from the Bethel test
fishery can be found, most recently in Molyneaux (1994).

Tables [-3 present Kuskokwim River water depth, clarity, and temperature data, respectively, by
day. Tables 4-6 present mean daily CPUE, cumulative mean daily CPUE, and cumulative proportion
of season total CPUE, respectively, by day for chinook salmon. Similar information follows for
sockeye salmon (Tables 7-9), chum salmon (Tables 10-12), and coho salmon (Tables 13-15).

Test fishing data tables presented here are used during the fishing season to provide information on
salmon run timing and relative abundance at the test-fish site, in conjunction with subsistence and
commercial fishery catch information, spawning escapement estimates, and other information
sources, ADF&G and the Kuskokwim River Salmon Management Working Group (KRSMWG) use
this information collectively in the management of the Kuskokwim River salmon [lisheries.



DISCUSSION

Bethel test fishery is a useful tool for Kuskokwim River salmon managers, however the resulls are
not as simple to interpret as may be expected of a numeric index. Numerous influences confound
interpretation of the test-fish index, and one must realize and account for these limitations if the tool
is to be interpreted and used effectively to assess run timing and abundance. One of the factors
influencing the ability of the Bethel test fishery to estimate abundance and run timming 15 the temporal
distribution of salmon harvest downstream of the test-fish site. Disproportionately high or low
harvest during any segment of the run will skew interpretations of whether the overall run
abundance is strong, average or weak, and whether the run timing is average, early, or late. Wide
fluctuations in water level may also skew the perceived abundance and run timing within or between
years by altering the catchability of a species as the season progresses. For some species, such as
chum salmon, the change of average size of fish over the course of the season (DuBois and
Molyncaux 2000) alters catchability and may skew perceived abundance and run timing
assessments.

Following are some recommendations regarding inter-annual comparison ol Bethel test fishery data:

I. Compare data from years with comparable water level and water clanty
conditions 1o reduce the confounding influence thise variables have on
catchability.

2. Try to limit comparisons to years that are contemporary with one imother to
avoid the influence of changing channel mormphology,

3. Consider the relative magmtude of fish removal and harvest effort upstream of
the test-fish site as it may influence interpretation of the adequacy of the
cumulative test-fish index as relates to escapement needs.

4, Certain size components of the population could be under or over represented in
the test-fish catch because of the size selectivity of the gillnet mesh sizes used in
the project. Variation of those size components of a population vary, between
years or within a year, it can affect the comparability of the index values. This
mfluence mayv be especially profound for chinook salmon.

Consistency of methods, completeness of historical database, frequency of operation, and timeliness
of results are a combination of attributes that sct the Bethel test fishery apart from nearly all other
tools available 10 Kuskokwim River salmon managers. Our evolving understanding of how 1o
interpret test-fish results has been an important and successful element in the development of
inseason salmon management strategics. Nevertheless, the test fishery is an imperfect tool that
requires a measure of subjectivity by experienced staff’ for the information to be interpreted
effectively, Managers should also continue to use and interpret the test-fish information in concert
with the full array of other available information.
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Tazble 1. Historical river stage (in feet) of the Kuskokwim River at Crocked Creek, 1984 throuph 2002, (Sourse: U.5. Geological Survey and National Weather Service)

Date 1984 1985 1986 1987 1988 1988 1980 1881 1992 1993 1994 1095 1996 1997 1908 1899 2000 2001 2002

G1 78 185e 66e 69e WB8e 123e 84e 100e 101 9.3 7.6 8.3 4.1 39 91 102 55 108
62 76 192e B4e 71e 108e¢ 1158 87e 100e 104 9.2 7.4 8.0 4.0 3B 8.2 9.7 55 10.5
63 765e 185e¢ 62e 74 103e 1122 88e 10.0e 102 9.1 7.2 7.5 38 37 9.3 9.7 56 105
64 738 180 6le 78 1008 11.2e 916 10.0e 0.2 9.0 6.9 7.4 39 3.4 2.3 9.6 57 105
65 7.te 173 589 77 100e 108e 948 96& 102 9.0 6.8 74 4.0 33 94 9.8 58 105 100
66 70e 168 59 77 100e 108e 9.2 96e 102 8.0 e.7 7.2 39 3.3 9.4 9.1 58 1086 93
67 69e 161 58e 748 89 107 86 100e 102 8.7 66 7.2 4.0 33 9.3 8.0 5.7 106 9.6
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Tabde 1 Hysmorical daily water clarity measureementy of the Kuskokwisn Rever st the Bethel e -fish site, 1984- 2000
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Table 4 Himoncal daily CPUE for chinook sabmen catches in the Bethel 1w fishery, 1984 - 2002
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Tuble 5. Himoncl cumulative daily CPLE for ehinook salmon catehies in the Bethel test fishery, | 984 - 2002
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Tahle & Histornal cunndlatove daily percent passage of chinook salman in (e Hethel test fishery, 1984 - 2002
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Table 7 Histoneal daily CPUE for sockeye salnon catches in the Bethel s Fishery, [90%) - 2007
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Table 8. Historical cumulative daily CPUE lor seckeye salmon cutches i the Bethe test fishery, 1954 - 2002
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Table 10, (page 2 of 2)
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Table 1. Historical cumulative daily CPUE for chum salmon caiches in the Bethel test lahery, 1984 - 2002
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Table 13 Historical daily CPATE for cohao salmon caiches i the Bethal tem fishery, 1984 - 2002
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Tahle 4. Hisorical cumulative daily CPUE for cobo salkmon ceiches in the Bethel tent lishery, 1984 - 2002
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Table 15, Himtotaes) comulsve duly percent passge for cobwo saimon catches m the Bethe! test fish. 1984 - 2002
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Figure 2, Kuskokwim Management Area, District W-1.
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Drift Gill Net Stations

E

RIVER DEPTH (m)

K]
0 - : -
1 | »W\ WA "_. o iyt
2 Y N ;~;
4 - ._‘“._‘ﬁiﬁ- '(\§SN : \
5 1 s s T OO AN x‘.*.\x\ AN
7
]
8
10
1"
12
0 B0 160 240 320
RIVER WIDTH (m)

Figure 4. Typical profile of the Kuskokwim River 4 miles upstrcam of Bethel illustrating the area coverad by pilinets used m the
Bethel wext Aishery. The profile depacied was measured i 19935,
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